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Abstract. The Ecological Footprint methodology is a framework that tracks Ecological Footprint 
(humanity’s demands on the biosphere) by comparing human demand against the regenerative 
capacity (Biocapacity) of the planet (WWF, 2010) to advance the science of sustainability. As such, 
the spatiotemporal dynamics of the Ecological Footprint (EF) and Biocapacity (BC) in a given 
watershed are important topics in the field of sustainability research based on remote sensing (RS) 
data and geographic information system (GIS) techniques．This paper reports on a case study of the 
Jinghe River Watershed using improved EF methodology with the help of GIS and high resolution 
remote sensing data, to quantitatively estimate the relationship between EF demand and BC supply 
and analyze their spatial distribution patterns at multiple spatial scales for four periods (1986, 1995, 
2000 and 2008). We predict the future BC both overall, and of six categories of biological 
productivity area for the next four decades using the Markov Chain Method．The results showed 
that the spatial distribution of EF demand and BC supply were significantly uneven in the region, in 
which the per-capita EF of all counties located in the watershed increased continually from 1986 to 
2008, and the EF per person of counties in the middle and lower reaches area was markedly greater 
than that in the upper reaches over time. On the supply side, the per-capita BC of all counties 
decreased gradually from 1986 to 2008, and the per-capita BC of counties in the upper reaches area 
was greater than that in the middle and lower reaches during the period, causing the uneven spatial 
distribution of Ecological budget-the gap between supply and demand, showed that the Jinghe River 
Watershed on the whole has begun to be unsustainable since 2008, with each county exhibiting 
differential temporal patterns. The prediction results showed that the total BC will increase 
continually from 2020 to 2050, and the BC of six categories will reduce, indicating that 
Advanced Materials Research Vols. 356-360 (2012) pp 2820-2832
Online available since 2011/Oct/07 at www.scientific.net
© (2012) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR.356-360.2820
All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 146.232.65.7-22/11/11,14:14:36)
unsustainability in the region will escalate. As a whole, The EF demand has exceeded the BC supply, 
and the gap was widening in the Jinghe Watershed. This paper provided an in-depth portrait of the 
spatiotemporal dynamics of EF and BC, as well as their interactions with humanity and ecosystems. 
Introduction 
To sustain the regional supply of biocapacity while meeting the human demand on natural resources 
is a major challenge facing society. In many regions, including Western China, the growing human 
demand on natural resource supply and changing land use, such as urbanization, are altering 
biocapacity patterns in the local ecosystems. Thus, the Biocapacity of an ecosystem is the base for 
maintaining sustainable development and projecting human activities [1, 2, 3, 4], while also setting 
the ecological limitation for human activities. 
The ecological footprint (EF) methodology developed by Rees[5] and Wackernagel [6]which has 
attracted much attention over the past 10 years, is a resource accounting tool with a biophysical and 
thermodynamic basis, used to advance the science of sustainability. In the methodology, the EF for 
a particular population is defined as the total “area of productive land and water ecosystems 
required to produce the resources that the population consumes, and assimilate the wastes that the 
population produces, wherever on Earth that land and water may be located” [7]. Rees [5] referred 
to the EF as the ‘appropriated carrying capacity’, and biocapacity (BC) is defined as the carrying 
capacity of local ecosystems to produce useful biological materials and to absorb waste materials 
generated by humans. Therefore, the two indicators are two aspects of natural resources, demand 
and supply, where EF represents the “human demand” on the natural resources of a particular 
population and Biocapacity represents the “natural resource supply” of a particular ecosystem. Thus, 
the success of EF methodology was probably to a large extent due to the simplicity of the 
comparison between the supply and demand, which definitively answers the question ‘Does Supply 
Meet Demand?’, and suggests a clear distinction between sustainability and unsustainability [8]. 
The methodology has thus been widely applied at the regional level[9,10,11,12], national level 
[13,14,15,16] and global level[17,18]. Along with the continuously increasing ecological pressures 
on our one planet Earth, management of EF (demand) on and BC (supply) will almost certainly be 
made one of the central concerns of the twenty-first century [19].  
However, since the ecological footprint is a relatively new tool, still under development, there is 
a need to adapt it for more detailed Spatial-temporal analysis and for forecasting the future trend of 
EF and BC[7, 20]. In a traditional EF study, BC is often measured by the available area of 
biologically productive land and water based on data reported in national or regional statistics. 
There is a shortcoming of this methodology:  the statistical data often excludes the detail spatial 
information of the EF and BC as well as the spatial heterogeneity of natural capital and land use 
[21], in that national and regional statistics are often reported at a coarse resolution which may not 
be applicable for BC assessment at the level of precision required in order to inform policy making 
at very fine scales which are not limited by political boundaries [22,10]. Recently the need to 
develop a new methodology addressing these shortcomings has been recognized [23] especially 
with regard to developing Remote Sensing (RS) and Geographic Information System (GIS) 
techniques to provide an effective methodology to resolve spatial problems of ecological research. 
To avoid the shortcoming, GIS provides a powerful tool to perform spatial analysis, while remote 
sensing satellite imaging provides a precise data source at fine scales. Using remotely sensed data of 
land use/cover on the basis of the spatial analytic methods of GIS, the quantitative result of BC can 
be computed at multiple spatial scales and spatial heterogeneity of BC and the ecological 
sustainability of a given region can be reflected by a spatially explicit map. In this regard, GIS and 
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remote-sensing data of land use have been used for their ability to provide better estimates to 
calculate a spatially explicit biocapacity at both coarse and fine scales and analyze the spatial 
appraisal of EF and BC, as demonstrated by a few case studies [23,24,25,26,27].  
On the other hand, EF methodology itself is a static tool without a time variable and therefore 
cannot be used to quantitatively analyze the past or future development trends of ecological 
sustainability in a long-time series [11, 28]. However, some cases about the variation trends of EF 
and BC of a given country or region in a long time series have also been published. For example, 
Senbel [29] examined several scenarios for human consumption, ecological productivity and 
material efficiency to explore which variables would have an influence on the ecological budget of 
North America over the coming century. Yue et al [11] presented two quantitative estimate indices 
(the change rate and scissors difference) to quantitatively describe the development trends of EF 
and BC, and analyze the development trends in the past 13 years as well as predicting those in 
Gansu province  (western China) in the following 12 years (1991-2015); The Living Planet Report 
2008 [18] predicted that we will need two planets by the early 2030s to keep up with humanity’s 
demand for goods and services if we continue with business as usual. In the Living Planet Report 
2010 [30], the Footprint Scenario Calculator made use of the footprint data between 1961 and 2007 
as a baseline, and projected the size of each footprint component in 2015, 2030 and 2050 based on 
the “business as usual” scenario. But none of these methods has provided us with a tool capable of 
predicting the future regional EF and BC. It is this limitation of the EF framework that is the focus 
of our paper. We hope that an improved methodology will support local governments in making 
more sustainable development strategies in the future.  
Recently, the Markov Chain Model has been widely used to model and prodict land use/cover 
changes on the basis of remote sensing (RS) data at large spatial scales[31,32,33,34]. In addition, 
BC is also an indicator gleaned from land use/cover data and biological productivity (yield) 
calculated by the EF methodology using GIS. Land use/cover change is therfore one of the major 
forces driving the development of BC usually[30,35]. It is possible to project the future 
development trend of BC based on land use/cover change data using the Markov Chain Model 
combined with the spatial analysis techniques in GIS.  
China's West Development Strategy and Grain for Green Project are two important national 
policies adopted by the Chinese government to help the under-developed western regions to catch 
up with prosperous eastern regions and protect these environments that have been rapidly degrading 
since 2000. Along with the growth of the population and economy in recent years, the pressure and 
impact of human activities on water and land resources have been increasing continually, which 
causes the conspicuous conflict between too much human demand on natural resources and their 
insufficient supply in this region. Therefore, based on EF methodology, we have selected the Jingh 
River Watershed in northwestern China as a study case for a discussion of the spatial-temporal 
distribution patterns of EF and BC and their gap at multiple spatial scales using RS date from the 
years of 1986, 1995, 2000 and 2008, The study will reflect the status of ecological sustainability in 
the region more comprehensively. In addition, we forecast the future development trend of BC in 
the watershed as a whole over the next fourty years using the Markov Chains Model, which has key 
scientific implication and practical application. This study thus refines the current EF methodology 
to improve the accuracy of BC assessment. 
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Study Area 
The Jinghe River Watershed (see Fig. 1) is a mountainous watershed located in the middle-western 
Loess Plateau, northwestern China, between 106°14′~108° 42′E and 34° 46′~37°19′N, and about 
1200 m above sea level. It consists of 31 counties of the Ningxia Hui Autonomous Region, Gansu 
Province and Shannxi Province, covering an overall area of 44 982.54km2, while the population is 
63.48×105 in 2008. The topography of the watershed is high in the northern part (upper reaches) 
and low in the southern part (lower reaches), with Liupan Mountain on the west side and Ziwu 
Mountain on the east side. The Jinghe River and its tributaries all cut deeply into the loess 
landscape [36]. The annual average precipitation in the area is between 350 and 600 mm, and 
gradually decreases from southeast to the northwest. However, the precipitation is mainly 
concentrated in July, August, and September. The rainfall in these 3 months often accounts for 
60–70% of total annual precipitation, most of which is in the form of high intensity storms, 
therefore soil erosion predominately occurs during this period. The vegetation cover in this region is 
relatively low. For several decades, natural vegetation in the region has been severely degraded. 
Presently, forest cover is on average only 6.5%, and can even be as low as 3% in some areas. Grass 
cover is only 25–65%. The forest boundary of Ziwu Mountain has receded 20 km since the 1950s; 
both runoff and sediment have increased significantly[37].  
The Jinghe River Watershed is strategic to the development of northwestern China, providing an 
important water source for irrigation of the Guanzhong Plain, the food bowl for the country 
downstream. Over the last three decades, the local population increased rapidly and has greatly 
impacted land resources in the area so that the significant change of EF and BC has occurred during 
this time scale, which has in turn influenced the sustainable development of local eco-economic 
systems. The impact in the area, due to increased demand, has drawn increasing attention from 
Chinese academics, planners, and decision makers. 
 
Figure. 1   Studying area: Jinghe River Watershed, China. 
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Method 
Methodologies. For a given region, EF methodology provides a comprehensive method for 
evaluating whether or not human demands remain within the region’s regenerative BC as a 
minimum condition for sustainability [38]. In many cases, the ecological budget - the gap between 
BC and EF - is an important quantitative indicator of the extent of sustainable development. The 
concept of ecological budget (EB) is defined as the sum of BC minus the sum of EF [29]. If the 
ecological budget is negative, it is often interpreted as an ‘ecological deficit’ [8], in which human 
consumption exceeds the BC in a given region and making the area unsustainable. In a reverse 
situation where the ecological budget is positive and human consumption is within the BC, the state 
is called an ‘ecological surplus’, meaning the region is sustainable. 
The conventional EF methodology often uses “global hectares” (gha) as a standard unit that 
represents biologically productive areas with the world average productivity to quantify the EF and 
BC, weighing by the equivalence, yield, and fossil-energy conversion factors [13]. Therefore, EF
（demand） and BC （supply ）become directly comparable with each other across the globe. In 
this study, biologically productive areas are categorized into six main categories (cropland, grazing 
land, fishing ground, forest, built-up area and carbon-uptake land in EF calculation or barren land in 
BC calculation) [23] and calculated using a weighted sum (in global hectare). Furthermore, we 
simply considered the biocapacity of barren ground (including exposed soil, sand, rocks, snow or 
ice with less than 10% vegetation cover throughout the year)  to be zero in the BC calculation due 
to its extremely low productivity[23]. 
In our study, remote sensing images (Landsat TM) were used to gather land use/cover data 
(information). GIS is used for calculating the spatial data of BC supply, analyzing and mapping the 
spatial-temporal pattern of EF and BC. All geo-related analyses were conducted using commercial 
software (ArcGIS 9.2, ESRI). The Markov Chain Model is used to project the BC of six categories 
of biological productivity area on the basis of land use/cover change data for the next 40 years. The 
calculation of EF follows the conventional EF method [13, 23] and the Markov Chain Model [34] is 
a mathetical tool in common use so that there are no additional introductions in the paper. 
Data analysis and calculation 
Eco-footprint(Demand on biocapacity). Based on the conventional EF methods, we calculated the 
EF and related indices in 1986, 1995, 2000 and 2008 at Jinghe River Watershed at both overall and 
county scales. All social statistics data were taken from relational yearbooks published by China 
Statistics Press and the FAO Production Yearbook published by the Food and Agriculture 
Organization of the United Nations. The imports and exports connected with the Jinghe River 
Watershed at a geographic scale include those: (1) from the region to other nations in the world; (2) 
among different regions within China. The first section of data can be taken from yearbooks, 
however the second set of data is very difficult to attain. We therefore calculated the EF from a ratio 
of per person consumption to total population consumption of natural resources and hereby avoided 
errors caused by a lack of imports and exports data in the region (see figure 2). The equivalency and 
yield factors were both calculated according to the average yield of every county and the global 
level in 1986, 1995, 2000 and 2008. The equivalency and yield factors for the barren ground were 
also regarded as zero. The conversion factor of fossil-energy footprints was kept constant across all 
areas as suggested by Wackernagel et al. [13]. The map of spatial distribution of per capita EF of all 
counties was produced based on the county-level administrative map in the region using ArcGIS 
(see figure3). Following the map and data above, we will analyze the spatial distribution pattern of 
EF at the two scales. 
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Biocapacity (supply). Biocapacity in the Jinghe River Watershed was calculated using the spatial 
data of land use/cover in 1986, 1995, 2000 and 2008 as a base layer for the GIS analysis. The vector 
map of land use /cover of Jinghe River Watershed was derived from Landsat TM images  
(30m×30m) ( 1986, 1995, 2000 and 2008), assisted by field surveys at the scale of 1:100000 from 
interpretation of the remote sensing images. Landuse types are determined using the Global Land 
Cover Classification (Hansen et al., 1998). The administrative vector map of counties in Jinghe 
River Watershed is used as a main resource for map presentation, with the same resolution as the 
vector map of land use /cover, provided by the Environment and Ecological Science Data Center on 
a 1:100000 scale. By comparing the data from the Landsat TM image with the field survey data, the 
overall accuracy of the land use maps for the four times was greater than 87%, suggesting a robust 
input for the calculation of biocapacity in Jinghe River Watershed.  
Analyses were made at two different scales (based on land use/cover unit) using ESRI ArcGIS 
9.2. The map of BC at Jinghe River Watershed scale was developed using a new attribute table in 
ArcGIS of the product of equivalency and yield factors at the land use unit (namely the absolute 
value of biocapacity). The county level administrative maps were then overlaid on the BC map 
when calculating the BC. Based on the absolute value of BC and the social statistics data for all 
counties, we then developed the maps of per-capita EF and BC at county scale (see figure 3-5). It 
was assumed that 12% of the biologically productive area of BC should be preserved for 
biodiversity protection [13] and this area was deducted from all biologically productive area types. 
Furthermore, the spatial-temporal pattern of EF and BC and related indices were simultaneously 
analyzed at different geographic scales. 
 
Biocapacity prediction using the Markov Chain Model. The Markov Chain Model was used to 
analyze the stochastic nature of the land use data. Biocapacity prediction is mainly to project land 
use change using the Markov Chain Method in the final analysis. In the paper, based remote sensing 
data and using ArcGIS 9.2 (ESRI), the detailed processing procedure is as follows: 
(1)The land change/conversion matrix for three periods (1985-1995, 1995-2000 and 2000-2008) 
were derived by overlay spatial data of land use/cover; And subsequently land change/conversion 
transitional probabilities matrix of three periods were estimated.  
(2)The transition probabilities of 2000-2008 (the last period), which has been tested for time 
independence and time stationary[34], was assumed to be Markov transition matrix P and used to 
predict the future land use category distribution for 2020, 2030, 2040 and 2050, using the Markov 
Chain Model and with the help of MATLAB software. We therefore obtained the stable value of 
land use/cover change which was used to calculate BC in Jinghe Reiver Watershed for the next four 
decades. 
(3)Finally, the future BC in the Jinghe River Watershed as a whole was calculated over the next 
four decades by employing the EF methodology. The equivalency and yield factors of 2008 were 
used as a constant and 12% of BC was also deducted for all land use types over time in the 
prediction. The results of this prediction are shown in Table 1. 
Results and Discussion 
Past development trend of EF and BC time series in Jinghe River Watershed. Fig.2 shows the 
whole development trend of per capita EF (demand) , BC (supply) and the gap between them (per 
capita EB) in the Jinghe River Watershed in the four time periods.The per capita EF (demand) in the 
watershed increased from 1.02 gha in 1986 to 1.77 gha in 2008. On the supply side, the per capita 
BC had been reduced from 2.32 gha in 1986 to 1.72 gha in 2008. The per capita EB was positive 
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during the period 1986-2000, indicating an ecological surplus in the region, showing that the state 
of ecological development was self-sustainable in the period; however, the per capita EB has been 
negative since 2008, meaning that the watershed as a whole passed the point at which the annual EF 
matched the annual BC— that is, the regional human population began consuming renewable 
resources faster than ecosystems can regenerate them and releasing more CO2 than ecosystems can 
absorb. This situation is also called “ecological overshoot” i.e. an unsustainable state of ecological 
development. A comparison of the results with those published[13,30] in the Living Planet Report 
2010 showed that the watershed was considered as a national unsustainable area because its per 
capita EF was greater than China’s per capita BC in 2008, and a global sustainable area in that its 
per capita EF was still less than the global per capita BC. Therefore, we must answer the questions: 
“What will the future hold?”, and “What actions can be taken to end ecological overshoot and so 
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Figure. 2   The development trend of per capita EF, BC and EB for Jingher River Watershed 1986-2008. The per 
capita EB has declined quickly with increasing population density, becoming negative in 2008. 
Spatiotemporal distribution analysis of EF, BC and EB at county scale. As can be seen from 
Fig. 3, 4 and 5, with the help of the GIS technique, the maps of EF, BC and EB have been produced 
in the watershed at county scale for1986, 1995, 2000 and 2008, showing the overall spatiotemporal 
patterns and trends of EF, BC and EB, which reflect the comprehensive state of ecological 
sustainability for the watershed over time. In the three maps, different grades of color correspond to 
different thresholds of per capita EF, BC and EB, in order to make an annual comparison of them 
for different years. From the maps of Fig. 3, when comparing the different grades of color for 
different counties, we noticed that the spatial patterns of per-capita EF are unevenly distributed 
holistically, and the per-capita EF of counties in the middle reaches area and the lower reaches area 
(the southern alluvial plain) were markedly greater than those in the upper reaches area (the hilly 
Loess Plateau region). The per-capita EF of all of counties increased continually from 1986 to 2008 
because the whole color becomes continually deeper when comparing the 4 annual maps. 
Specifically, per-capita EF of counties in the middle reaches area increased at a more rapid rate than 
at other counties while the EF per-capita of the counties in the lower reaches areas was consistently 
the greatest among them all - showing that the standard of living varied, and that human demand on 
natural resources is unevenly distributed in the region. 
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a.1986            b.1995            c.2000               d.2008 
Figure. 3  Distribution of per-capita EF of all counties in Jinghe River Watershed for four time periods. the 
deeper the color, the higher the EF per person 
 
On the supply side (Fig.4), the per-capita BC was also uneven in the region. The per-capita BC of 
counties in the upper reaches areas was markedly greater than the counties in the middle and lower 
reaches areas. The per-capita BC of all of counties decreased continually from 1986 to 2008 as can 
be seen by the steady lightening of the map over the four years. Specifically, the BC per person of 
counties in the upper reaches area changed with a faster decline rate than other counties and 
accounted for the biggest drop among all of counties every year in the region. All of results showed 
that although the differences of BC supply were caused by different geographical characteristics, 
environmental conditions and land use as well as land cover[37], yet differing the BC per person 
was caused mostly by population density: accounting for is why the lower reaches area had the 
lowest BC per person in the watershed in every annual map. The results suggested that spatial 
distribution patterns of BC per person (supply) were apparently different from those of EF per 
person (demand) supply at the county scale. 
 
 
a.1986            b.1995              c.2000               d.2008 
Figure. 4  Distribution of per-capita BC of all counties in Jinghe River Watershed for four time periods. (The 
deeper color represents a higher BC per person). 
 
Figure 5 shows the per-capita EB displayed a great variation in the different geographical areas. 
We can see the development trends of spatiotemporal patterns of per capita EB by comparing the 4 
annual maps in the spatiotemporal dimension. The uneven spatial distribution of EB is visible in the 
region, showing there were different ecological conditions for all of counties located in the 
watershed. The map as a whole continually becomes lighter over the four year period, indicating 
that the per capita EB of the Jinghe River Watershed as a whole was being reduced during the three 
decades, which was consistent with the results from the two indices above. There were 4, 8, 10 and 
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17 counties among 31 counties reported unsustainable in 1986, 1995, 2000 and 2008, respectively, 
showing the proportion of unsustainable counties increased over time. More than half of all counties 
were in ecological overshoot by 2008, showing where natural resource supply did not met 
humanity`s demand. Therefore, development trends of every county and the watershed as a whole 
were placing great strain on the environment.  
 
a.1986            b.1995            c.2000               d.2008 
Figure. 5  Distribution of per-capita EB of all counties in Jinghe River Watershed for four time periods. (The 
deeper color represents a higher EB per person). 
 
BC prediction in Jinghe River Watershed for next four decades. In Table 1, Fig. 6 and Fig.7, the 
prediction results show a dynamic window for BC supply of Jinghe Rive Watershed in the coming 
40 years, showing the total BC by 2050 will be down to 96.332×10
5
 gha, which will only accounts 
for 85.53% of the total EF demand on the assumption that both humanity`s demand and biological 
productivity are same as in 2008. So, total ecological overshoot will be at least 16.3×10
5
gha, 
indicating that unsustanability in the region will maintain a growth trend. However, the future of BC 
among the six categories of biological productivity area is expected to be different, with the BC of 
cropland and fishing ground expected to reduce rapidly, while that of forest, grazing, and built-up 
areas, is actually expected to increase slowly over time.  
 
Table 1 Prediction of BC of six categories of biological productivity area at the stable state in Jinghe River 





































2020 3.767  0.00  4.492  0.032  95.645  4.237  108.173  
2030 3.813  0.00  4.672  0.029  90.815  4.377  103.706  
2040 3.832  0.00  4.849  0.027  86.575  4.498  99.781  
2050 3.829  0.00  5.022  0.026  82.854  4.601  96.332  
 
The partition of the biocapacity (see Fig.6) indicated that the six major categories of biologically 
productive area will make different contributions and have an imbalance over the next four decades. 
The BC of cropland as a significant portion will account for more than 82% of the total although it 
shows a decreasing trend over the period 2020-2050. The contributions of fishing ground to the BC 
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during the periods will be extremely low (<0.03%), showing that water resource will still be scarce 
in Jingher Rever Watershed and a limiting factor for increasing biocapacity in this sector. The 
contribution of grazing land, forest and built-up area will be between 3% and 6% with an increasing 
trend, showing that the increase of grazing land and forest areas will positively reflect BC supply in 
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Figure. 6  The percentage of BC of six categories of biological productivity area in Jinghe River Watershed for 
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Figure. 7  The development trend of BC of six categories of biological productivity area in Jinghe River 
Watershed for 1986-2050 
Conclusion 
Overall, the results shown above in Table 1 and Fig.2-7 reflect the whole spatiotemporal patterns 
and trends of ecological sustainability of Jinghe River Watershed from 1986 to 2050, of which the 
demonstrative calculation offered insight and vital information on the past and future trends of 
regional EF and BC in the long term. Indeed, with the increase of regional population, the 
improvement of living standards, the change of consumption behavior, and the growth of a 
high-risk dependency on trade and extra-territorial land BC [39,40,11], humanity`s demand on 
natural resources (EF) in the areas is expected to surpass supply. Soil degeneration in the area has 
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resulted in water loss and soil erosion is expected to accelerate in the region in the coming years so 
that the biological productivity (crop yield) will also be reduced [36]. Research findings from the 
International Food Policy Research Institute (IFPRI) indicate that climate change will cause yield 
declines for the most important crops [41]. Therefore, the imbalance between EF demand and BC 
supply in the coming years may well become even greater than our predictions, a change that 
no-one would wish for.  
The results help us better understand the ecological significance of EF demand and BC supply 
and the gap between them, and help provide theoretical approaches to make policies of sustainable 
development at multiple spatial scales. At a broad scale, the watershed was on a relatively 
unsustainable development route, but the county-scale revealed huge spatial heterogeneity. 
Therefore, the innovative eco-economy strategies should be made not only based on our 
spatial-temporal analysis result of EF and BC, but also based on information with detailed spatial 
heterogeneity of the EF and BC derived here at multiple spatial scales in the region. Therefore, it is 
time to control the increase of population, optimize the consumption pattern of human beings, 
improve energy efficiency, protect the environment, advance cropland technologies, enhance the 
productivity of natural and agricultural ecosystems, reduce carbon emissions and so on, helping to 
increase BC supply as well as reduce the EF demand. Thus, the supply should once again meet the 
demand and bring local inhabitants out of ecological overshoot and onto a potentially sustainable 
path for the whole Jinghe River Watershed and all its reaches. We believe the gap between EF 
demand and BC supply can be changed acceptably by developing and practising a set of fitting 
policies in all geographic areas.  
Many crucial questions pertinent to building a sustainable society can be addressed by EF 
research. These include measuring EF and BC at global, national and regional levels, identifying the 
level of ecological overshoot and tracking progress toward ecological sustainability [20]. The 
unevenness of EF and BC distribution is a universal and objective phenomenon. The analysis of 
their spatial distribution at coarse scales inevitably overlooks the inner characteristics of biocapacity, 
which can only be reflected at fine scales. Towards this end, the estimation and analysis at a fine 
geographical scale is necessary as a complementary method, and the spatiotemporal pattern and 
development trend analysis of EF and BC at multiple spatial scales is valuable both in assessing the 
past and in predicting the future. Our research work also suggests that RS data, GIS technique and 
the Markov Chain Method are useful for overcoming the limitations of the conventional EF method 
for past and future spatial-temporal analysis of EF demand and BC supply patterns. Particularly, the 
GIS-based calculation of the biocapacity using remote-sensing data of land use proved to be 
time-efficient, resulted in high resolution information and was more accurate than that using social 
statistical data alone[11]. In the paper, we provided an improved EF method, especially regarding 
prediction methods. The analytic results were still not precise enough to obtain a complete 
understanding of EF demand and BC supply balance in the future, because of the assumption that 
the past factors will continue to influence the future in a linear fashion. Compounding effects have 
not been taken into account. Further efforts should be paid on collecting more detailed data to 
predict regional EF with consideration of the change of the population, consumption behaviour and 
foreign trade status, and improving the accuracy of BC prediction using the Markov Chain Model 
with consideration of bioproductivity and climate change and other influencing factors. In short, 
with the proposed research initiatives, the problems surrounding sustainability can be analyzed in 
greater depth so that stakeholders would be aided in planning for ecological sustainability and 
monitoring sustainable development in order to put us on a more sustainable trajectory for the 
future. 
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